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O ABSTRACT O

The main goal of the presented research in this paper is to find a general way to solve
longitudinal vibration problems. This way must solve these problems in nonlinear elastic
bar systems with a biological factor.

We applied longitudinal vibration equations in a nonlinear elastic bar with
biological factor, the bar material was taken non-linear. and solve the problem in a bar of
finite length.

Keywords: Elastic, Nonlinear, Wave, Reaction, Biological, vibration.

* Assistant Professor. Department of mathematics Faculty of science- University of Tishreen- Lattakia-
Syria.

209




2013 (1) 23adl (35) laall Lpadbaa) agladl Aladas - Lpalad) cilad yal) g i ganll ¢ il daaly dda

Tishreen University Journal for Research and Scientific Studies - Basic Sciences Series Vol. (35) No. (1) 2013

daa ol gaal) ol oY) (B AY ghall 77 g LS
"ALIA tana Gus  giSaY)
2013/ 2727 b »al & 2012/ 472 &)Y g k)
O gcdla[]
o3 Jay ai¥shall Cilia¥) Jilue dal dale Ayl s a0 Jand) 38 3 adiall sl (e Caagll )
coashsal) Jalell dgags @l g Aplad Qe dlse (e Agiluad e ghaiad dpually Jilisdll

Jalall agas HLieYl (pda] Adady 2iye sole (g cumd e Vel cuflzal¥) ci¥alee Liaasind Sl
skl giie il Jal e Alliall Ja 55 40adY i) sale cdaf Eum ¢ oaglpud)

o)) - o glan - Jad 3 - dage - Al - g pe s Apalidal) cilalel)

Ao — LB — 0y 5 draly pglall A8 laadaly ) ol — (e

210




Tishreen University Journal. Bas. Sciences Series 2013 (1) 2321l (35) alaall 4aulull) o slall @ (1 5 daalas Ao

Introduction:

Biological industry needs the study of body behavior and this in turn, needs making
good modeling of biological tissues.

Existing modules reflect in some way the properties of biological tissues by using a
biological factor. On the other side, the biological tissue, muscular or skeletal, has clear
elastic and viscoelastic properties and non-linear relation between operating forces and
deformations. Positive operations like propagation of waves in such media need a special
study that provides the relations determining frequency and amplitude properties
depending on physical and other parameters. This is the base of resolving problems when
producing biological members.

The important of research and its objectives:

Studying systems vibration which formed of active biologic substances with no
doubt the mast important subject in protecting from vibration problems.

The main aim of this study is clarifying the role of vibration operations according the
study subject.

Research methods and materials:

using some approximations and Fourier Transformation we put a general solving
way with a set of related differential equations. Solving numerically this set of equations
shows the role of non linearity and biological factor in the studied medium.

Let be an elastic biological body [1]. Depending on the theory of biological body, the
equation of motion in one-dimensional media is done by:

o’u do

1 227"

M Por " o
Where o(t) is the tension, it takes the following form:

Vo du
oxor  or’

Here 0<A<1, 0<7<<I1 and 7 is a parameter representing the time relaxation of
the substance and is very small compared to t.

Using non-linear Rabotnov law and [2] we obtain:

3) o= p(e) = (1-T)p(e)

) (I—A)a—O-+AT
ox

1+k

Here k" is the climbing operator. I = .[ I'(t—=7)f(s)ds is the auxiliary operator
0

helping the resolution of k°, ¢(&) is a linear function that describes the instantly

deformation curve. Where € is the deformation. So the equation (2) becomes as follows:
2 2

[(1-T)pe)=p Lt
ot

d " d
“4) (- A)a[(l -I)ee)]+Ar o

If we consider the kernel of I'" to be regular and I'(—7) =0 then the equation (4)
takes the following form:

0’u d’u 0@ 0’u o°u 9°¢ 0’u
5 1-A A L+ A =
) A=A AT s e T AT o avar 022 P or
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And this is an equation of a one-dimensional deformation in a non-linear elastic
biological medium [3].

Using (5) we’ll study the problem of sinusoidal wave propagation in a thin bar of
finite length where the material is nonlinear elastic and able to react to external operators,
with the following boundary conditions:

(6) u(x,t) =u, cos or ;x=0
ou

7 —=0 ix=1

(7) » x

and explaining the effect of small vibration [4] in the case.

Let ¢(€) in (5) take the form [5]:
(8) p(&)=aln(1+ Ae)
Where a, A are constants, and:

~ X ~ U . T~ I ~ ~ _at
X="ji=—7T=—1=—E=¢€,0=00,,a=—%
U ol
Then we find:
)
0’u ou du o’u d*'u  d’u du ou
1-A +A 1+1—)-ATA = 1424 —+ A (=)’
A=A e T A e T ) T A i arar o L2 5 A Y

Where ad=E is Young Elasticity modulus. To simplify, we neglect signals over
unmeasured values.

Equation (9) contains two parameters whose values are small and unknown:

A : Instant deformation curve non-linearity parameter.

T : Relaxation time

As equation (2) is obtained to first-degree approximation for parameter 7 [6] so
equation (5) and unknown function u(x,t) cannot exceed this degree of approximation.

This in turn, restricts the degree of approximation of function (8) For this we put:
1

(10) A~12
This allows making the following substitutions:
1
(11) A~t2 0, ~71
By developing u(x,t) following to 4,7 we find:
(12) u(x,0)=Y A", (x,1)

Considering (11) (m, n) takes the following values:
(0,0),(0,1),(1,0),(2,0)
By substituting (12) in (9) and comparing terms of similar degrees, a set of related
equations is obtained. That permits to find the following functions:

Uy o (X, 1), 0, (x,1),u, o (x,1),u, o (X,1)

And this gives the general solution according to (12)
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2 2
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16
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Considering boundary conditions provided by (6) and (7) the solutions for (13) - (16)
can be written as follows:

(17) Uy o (x,1) = fy,(x)cos ax
a(l—x)

u, cos| m ]
cos(i)
V1-A

(18) uy,(x,1) = f,,(x)sin ox
s —xsin o(x—1) cos o
J1-A N

cos’( o )

JI-A
(19) u o (x,1) =g, ,(x)+ fi,(x)cos2ax
(20) U, o(x,) =g, ,(x)cosax + f, ,(x)cos3ax

fo,o (x)=

, Isin

—Awu,
Jos =548

Where functions f, ,(x), g, ,(x), f,,(x), &, ,(x) have complicated forms and therefore
we wont write them now.
The solutions (17) and (20) using (12) determine the function u(x,?) giving the
position of the free end of the bar.
u(x,1) = uy o (x,1)+ gy, (X,1) + Auy o (x, 1) + ity o (x,1)

Conclusion:

These solutions confirm that the existence of non-linearity implies the generation of
sinusoids of high degrees.

By giving the unknown parameters the following values:

x=1l=1Lu, =0.01,w=0.05,A=05,7=0.01,A=+/7
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And making the calculations we prove that: Low influence of non-linearity and
biological factor are proportionally correlated to the small values of the frequency @ and
the amplitude u,,, and it increases whenever the values of these two parameters increase.
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